ade 2, 3 is a success in terms of survival, but concerns have been expressed that this comes with a cost. The 'Failure of Success' hypothesis states that an increasing proportion of individuals surviving to very old ages (Success) will also show higher mean levels of disability and disease at these ages (Failure), thus challenging the welfare of societies. 4 However, an alternative hypothesis could be that of a 'Success of Success', i.e. more people living to the highest ages because of better functional health. 5 Studies investigating which of the two hypotheses seems to prevail have mainly been conducted in people younger than 85 years. [6] [7] [8] To assess secular trends in the health and functioning of the very old we investigated four complete Danish birth cohorts in the period from 1995 to 2015: the 1895, 1905, 1910 and 1915 birth cohorts.
Who is in the cohort? Study designs of the 1895, 1905, 1910 and 1915 Birth Cohort Studies
The four cohort studies were organized from the Unit of Epidemiology, University of Southern Denmark. They were identical in key respects: all were population-based nationwide studies that included all individuals born in the respective birth year and living in Denmark. There were no exclusion criteria, and proxy interviews were sought if a potential participant was considered unable to participate. The exact numbers of eligible nonagenarians and centenarians in the four different cohorts were identified through the Danish Civil Registration System (CRS). 9 Eligible participants first received a letter explaining the purpose of the study. Two weeks later, contact was made by phone or personal visit. If the invited participant accepted, an appointment was made. All participants were visited in their homes, including nursing homes, and informed consent was collected at the start of the visit.
However, the four studies differed in one methodological aspect: the assessments of the 1895 cohort and the second wave of the 1915 cohort in the western region of Denmark were conducted by a geriatrician and a nurse, and participants were visited shortly after their birthday (all participants were nearly the same age). The assessments of the 1905, 1910, 1915 -first wave and 1915-second wave in the east were carried out by trained lay interviewers from the Danish Institute of Social Research and participants were visited in a predefined period (participant age could vary by up to 1 year in each survey). The start of the predefined period was set to the interview date of the first person to be interviewed. Moreover, the studies differed in the number of follow-up visits, i.e. the 1895, 1905 and 1915 birth cohort studies included one to seven follow-up visits, whereas the 1910 birth cohort was interviewed only in a baseline survey. Figure 1 presents an overview of the four cohorts, and the flow chart (Figures 2-5 ) for each of the cohort studies provides details. Additionally, Table 1 provides details about participation status and 6-month mortality for participants and non-participants.
The 1895 Birth Cohort Study
The study was initiated by K.A.R., B.J. and J.W.V. It included all persons born in the period from 1 April 1895 to 31 May 1896. 10 The baseline survey took place within 3 months of the participant's 100 th birthday. Out of 276 eligible individuals, 207 (75%) participated, of whom 22% were males and 14% were proxy interviewees. Males had a higher participation rate compared with females, 11 and non-participants had a higher 6-month mortality than participants. The same survey team conducted seven follow-ups until the cohort was deceased.
The 1905 Birth Cohort Study
This study was initiated by K.C., M.M., B.J. and J.W.V. It comprised four waves of 3-5 months each during a 7-year period from 1998 to 2005 and included all individuals born in 1905. 12, 13 Out of 3725 persons at baseline, a total of 2262 (61%) participated in a pilot study in the spring of 1998 and in the main study from August to October 1998, of whom 26% were males and 20% were proxy interviewees. The pilot study included 200 participants out of 281 invited and used the same methodology as the main study. Males had a higher participation rate compared with females, and non-participants had a higher six-month mortality than participants. 13 invited to participate irrespective of previous participation. Out of 439 invited individuals, 256 (58%) participated, of whom 16% were males and 26% were proxy interviewees.
In the fourth survey (in 2005) there were no differences between non-participants and participants with respect to sex. However, there was a higher 6-month mortality among non-participants than participants. 14 Out of 428 eligible individuals, 273 (64%) participated. Of these, 22% were males and 28% were proxy interviewees. 14 Males had a higher participation rate compared with females, and nonparticipants had a higher 6-month mortality than participants.
The 1915 Birth Cohort Study
This cohort was initiated by K.C., B.J., J.W.V. and M.M. It was first surveyed from September to November 2010.
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Of the 2580 eligible individuals, 1584 (61%) participated, of whom 25% were males and 21% were proxy interviewees. Males had a higher participation rate compared with females, and non-participants had a higher 6-month mortality than participants.
A follow-up was conducted in 2015, when all the surviving birth cohort members were invited again to participate irrespective of previous participation. The increasing proportion surviving to 100 years made it possible to divide the sample into two. The methodology of the 1895 cohort study was applied to roughly half of the population living in the country west of the Great Belt ('1915-West'), and the methodology used in the 1905, 1910 and the first survey of the 1915 Cohort Study was used east of the Great Belt ('1915-East'). This division of the second wave enabled a comparison of the 1915 cohort with all the other birth cohorts, hereby avoiding potential bias due to differences in methodology. 2262 (61) 256 (58) 273 (64) 1584 (61) 238 (79) 126 (65) Male participation rate, n (%)
45 (83) 584 (67) 42 (60) 59 (77) 394 (68) 40 (87) 20 (83) Female participation rate, n (%)
162 (73) 1678 (59) 214 (58) 214 (61) 1190 (60) 198 (77) 106 ( Six-month mortality Total deaths, n (%) 65 (24) 512 (14) 102 (23) 123 (29) 384 (15) 53 (17) 39 (20) d Non-participants deaths, n (%) 21 (30) 273 (19) 57 (31) 50 (32) 195 (20) 20 (31) 14 (20) e Participants deaths, n (%) 44 (21) 239 (11) 45 (18) 73 (27) 189 (12) 33 (14) 25 (20) Non-participants: 6-month mortality was evaluated as the risk of death after 6 months of follow-up from 100 years of age for the 1895 baseline and the 1915-West Birth Cohort study or from the interview date of the first person interviewed in the other cohort studies. There was no loss to follow-up in this period. e Participants: 6-month mortality was evaluated as the risk of death after 6 months of follow-up from the interview date of each participant in all four different cohort studies. There was no loss to follow-up in this period.
f Risk of death in non-participants compared with participants. If adjusted by sex and age at the date of the first interview, the results were similar. participated, of whom 17% were males and 22% were proxy interviewees. Males had a higher participation rate compared with females, and non-participants had a higher 6-month mortality than participants.
1915-East Birth Cohort
How often have they been followed up? 
What has been measured?
The birth cohorts are described according to the two survey methods used, i.e. the 1895 and 1915-West study method and the 1905, 1910 and 1915-East study method, respectively. Table 2 gives an overview of the measurements in the four cohort studies.
The 1895 and 1915-West Birth Cohorts
Both surveys comprised an interview including questions regarding socio-demographic factors, lifestyle, activities of daily living (ADL scales by Avlund 18 and Katz 19 ), selfreported health, and medication. Cognition was evaluated by Mini-Mental State Examination (MMSE). 20 The surveys also included a broad medical examination that involved measurements of arm and ankle blood pressure, electrocardiogram (ECG), spirometry (lung function) and collection of a venous blood sample. But there were also differences: the 1915-West comprised an additional composite of five cognitive tests 21 and measurements of symptoms of depression [scale: Cambridge Mental Disorders of the Elderly Examination (CAMDEX) 22, 23 ]. Additionally, the examination included an echocardiography and measurements of orthostatic blood pressure, peak flow, chair stand 5 and grip strength. 5 In the 1895 cohort an instrumental ADL scale (Lawton 24 ), a short physical performance test and a neurological assessment were also carried out. Furthermore, dementia diagnosis and rating were assessed by cognitive performance tests and Clinical Dementia Rating. 25 At each follow-up of the 1895 cohort, information on changes in health since the last visit, hospitalization, change of housing, ADL, medication and cognition (MMSE) was collected together with a venous blood sample. Thyroid gland volume was carried out in 50 randomly selected individuals aged 101.5 years. 26 
The 1905, 1910 and 1915 (baseline and East) Birth Cohorts
The interview, cognitive tests and depression assessment were similar to those described for the 1915-West cohort. Moreover, physical tests including grip strength, chair stand, gait speed 5 and clinical measurements such as arm blood pressure, manual pulse measure and lung peak flow assessment were also carried out. Biological material for genetic analyses was obtained from the 1905, 1910 and 1915 cohorts (only at baseline) by collection of dry blood spots, cheek swabs or a venous blood sample as specified in Table 2 .
Key findings and publications
The aim of the cohort studies was to assess health and physical and cognitive abilities among the oldest-old and how these may have changed over the past two decades -as a 'failure of success' or a 'success of success'. Up through 2016, studies of the cohorts have resulted in 114 publications. Among the key findings of these studies are the following.
Birth Cohort -healthy centenarians do not exist, but autonomous centenarians do
In the 1895 cohort, the prevalence of chronic diseases was high. Major cardiovascular diseases (chronic heart failure, myocardial infarction, atrial fibrillation, hypertension and pacemaker implant) and dementia affected 72% 11 and 51% 27 , respectively. According to ADL (Katz index 19 ), 41% were described as being relatively independent of help in basic activities of daily living. 11 Despite the high prevalence of chronic diseases and the high level of functional dependency, a minor proportion (n ¼ 25, 12%) could be described as autonomous, i.e. they were non-institutionalized, functionally independent in basic ADL and cognitively intact. However, this independent but small group of 100-year-olds had the same mean level of morbidities as the remaining 88% of the study population.
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The 1905 Birth Cohort -exceptional longevity does not lead to exceptional levels of disability
The 1905 Cohort Survey in 1998 (at age 92-93) found that 43% were relatively independent in basic ADL. 28 Selfrated health showed that 56% considered their health to be excellent or good. The four assessments from age 92-93 to 99-100 made large-scale studies of change possible. The analysis showed that compared with intake at age 92-93, the mean of cognitive and physical function measurements of the surviving cohort members at follow-up did not change over the following years to age 99-100. 12 Also, the proportion of independent cohort members was almost constant in the study periods from 1998 to 2005. For the individuals who survived to 99-100 years, however, the proportion that could live independently fell from 70% when they were 92-93 years old to 33% when they were 99-100 years old. The explanation for this finding is selective mortality: the most frail and disabled cohort members were the most likely to die -leaving a fairly unchanged cohort composition over time. So, on average, a 100-year-old was not more disabled than a 93-year-old, despite a decline on the individual level.
The 1905 Birth Cohort vs the 1915 Birth Cohort -a success of success
The chance of surviving to 93 and 95 years was around 30% higher in the 1915 cohort than in the 1905 cohort. A comparison of the baseline studies of the 1915 birth cohort (aged 94-95 years) and the 1905 birth cohort (aged 92-93 years) revealed that despite the participants in the 1915 cohort being on average 2.2 years older than those in the 1905 cohort, the most recent cohort performed better in cognitive functioning and had a higher ADL-score. These findings indicate that more people are living to older ages and with better overall functioning. No survival association with the 'usual suspects' in the oldest-old
Despite a large sample size and virtually complete followup, the well-known mortality predictors in middle-aged and young old, e.g. smoking, obesity, education and a number of chronic diseases, were not found to be associated with mortality in the oldest -old. [29] [30] [31] However, measures of ADL and cognitive and physical abilities were strong predictors of mortality among the oldest -old-and to some degree also an optimistic personality. 29, 30, 32 The MMSE test combined with a chair stand test provided a simple, powerful differentiation of the survival probabilities of nonagenarians. Nonagenarian men and women not being able to stand from a chair had only a 2% chance of surviving to 100, whereas for those with a high MMSEscore (28) (29) (30) and being able to stand up without using hands, the likelihood increased to 22% and 34% for men and women, respectively. 30 Similar results were shown if the chair stand was replaced with an ADL score (Katz index 19 ). Twin and family studies have indicated that the influence of genetic factors on survival probability increases with age. 33 In the 1905 Cohort Study, Apo-E was associated with mortality, but the effect size was modest. 34 Comparison of Apo-E across the four birth cohorts showed a lower prevalence in the most recent cohorts with the better survival.
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Centenarians -a useful model of healthy ageing A register-based study of hospitalizations in the 1905 birth cohort from 1977 to 2004 showed that those who survived to age 100 had lower hospitalization rates and shorter inhospital stays in their 70s and 80s than their shorter-lived peers, 36 indicating healthier ageing throughout old age.
Strengths of the studies
A major strength is that the studies comprised complete national birth cohorts with no exclusion criteria. Furthermore, participation rates were comparable in the cohorts where the same study design was used. Because of the Danish CRS, 9 complete follow-up and testing for differences between non-participants and participants were possible. The studies are further strengthened by the methodology of conducting in-person domiciliary interviews, hereby including a greater proportion of the frail population, as well as clinical examinations and linkage to registers with respect to diseases. To determine health profiles, a physical examination and linkage to registers provide higher reliability of the health information than does a comparison with self-reported information alone. 37 In the very old, some diseases may stay unrecognized due to possible ageism or because of subtle symptoms of, for example, heart disease. 38 Some diseases can be revealed by a clinical examination together with the interview.
Weaknesses of the studies
A potential weakness is the non-participation rates, particularly in the cohorts interviewed by lay interviewers, as they obtained the relatively lowest participation rates (range 58-65%, see Table 1 ), leaving room for healthy participation bias. 14, 39 In all surveys, males had higher participation rates than females and the male/female participation rate ratio was fairly similar between the surveys (see Table 1 ). By allowing for proxy interviews and by also including nursing home residents, it was possible for even the frailest person to participate, thereby reducing selection bias. However, we did find that in all studies nonparticipants had a higher risk of dying within 6 months of follow-up, indicating that terminal illness might be a reason for not participating either in person or by proxy (see Table 1 ). It might be expected that the percentage of proxy visits would differ between the surveys conducted by a geriatrician and a nurse and those conducted by lay interviewers, because of the differences in participation rates (about 75% vs about 62%). If there was a selection bias towards more healthy participants in the studies with the lowest participation rates, then more proxy visits might be expected in the surveys with the highest participation rates. But the proportion of proxy visits did not differ, being approximately 20% in both survey types, indicating a good sample representativeness of the different cohort populations.
Can I get hold of the data? Where can I find out more?
The research group of the Danish Aging Research Center at the University of Southern Denmark welcomes collaboration. Anonymous data are available to researchers after they have applied for access and their project has been approved by the research group. The cohorts have been used in multiple international collaborations on, for example, genetics of longevity 40 and international comparisons of oldestold populations. 41 More information can be found on the 
Funding Danish Birth Cohorts profile in a nutshell
• The aim of the cohort studies was to assess health and physical and cognitive abilities among the oldest-old and how this may have changed over the past two decades.
• Participants were recruited from four complete Danish birth cohorts: the 1895, 1905, 1910 and 1915 birth cohorts. All were population-based nationwide studies.
• More than 6500 in-home visits have been carried out since 1995. Participants were aged 93-100 at intake.
Follow-ups have been conducted from 0 to 7 times in each cohort. Participation rates were between 58% and 100%, with an overall rate of 81%. The latest follow-up was completed in 2016.
• The assessments included a comprehensive inter- sdu.dk/en/om_sdu/institutter_centre/darc]
